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Background: Laparoscopic left colectomy has obtained a large spread in colon surgery for malignant
disease despite the need for an adequate learning curve. However few studies reported long term data in
comparison with open left colectomy and most of the authors of large series on colorectal surgery don't
describe, in subgroup analysis, results obtained in left colonic resections.
The aim of this study is to report the short and long term follow-up of laparoscopic left colon resection in
comparison with the open approach, from a single centre, performed in the same timeframe.
Methods: Between January 2005 to January 2007, 55 patients with sigma adenocarcinoma underwent to
laparoscopic or open left colectomy at the Department of Digestive Surgery, “S. Maria” hospital in Terni e
Italy. Perioperative and histopathological data and results from oncological follow-up, until April 2013,
are analyzed.
Results: 28 patients underwent laparoscopic left colectomy, while 27 patients open left colectomy.
Mean hospital stay was 8.44 ± 1.21 in the laparoscopic group versus 6.86 ± 1.01 in the open group.
The histopathological analysis shows a mean of 18.13 ± 6.8 lymph nodes removed after laparoscopy and
13.96 ± 5.72 after open surgery (P ¼ 0.02). KaplaneMeier analysis does not reveal signiﬁcative differ-
ences in disease free survival (HR ¼ 0.85; 95% CI ¼ 0.21e3.40; P ¼ 0.81). Overall survival up to 5 years
shows one death per group.
Conclusions: Laparoscopy, respect to the open approach, could improve perioperative clinical outcomes,
hospital stay and harvested lymph nodes with comparable long term oncological follow-up in patients
with sigmoid colon cancer.
© 2014 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.Surgery and Liver Unit, St.
0, Italy.
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by Elsevier Ltd. All rights reserved1. Background
Colon cancer is among the most common neoplastic diseases in
Western countries. Radical surgery involves the removal of the
intestinal segment affected by the tumor, which must include an
adequate margin of resection free of disease and the execution of a.
Table 1
Inclusion and exclusion criteria.
Inclusion criteria
Diagnosis of adenocarcinoma of the left colon
Site: descending colon, sigmoid
Stage IeIII
Diagnosis and surgical treatment occurred in the 2005e2007 period (at least 5
years of follow-up)
Exclusion criteria
age  80; 18 years
Stage IV
ASA > 3
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node chains in the area.
Currently, laparotomy is the procedure most commonly per-
formed in elective resections of the colon for both benign and
malignant conditions.
The evolution of minimally invasive surgery with the intro-
duction of the laparoscopic technique has allowed for revolutionary
change in the way colon resections are carried out.
An increasing number of colorectal surgeons believes that the
laparoscopic approach to colonectomy allows for quicker recovery
of bowel function, less postoperative pain, a shorter hospital stay
and a faster return to daily activities, all of which accompanied by
comparable or even potentially better oncology outcomes than
those of the traditional open approach [1,2].
However, laparoscopic colectomy is far from representing a
common surgical practice, considering that in Europe and in the
USA it is estimated that on average only 10e22% of operations are
carried out with this approach [3].
Although the ﬁrst description of laparoscopic resection for colon
cancer dates back to 1991 [4], to date, this approach has not been
universally accepted as an alternative to traditional open surgery
and is still viewedwith suspicion in commonpractice and therefore
is not available at all digestive surgery departments, especially
those with a low number of patients.
There are several reasons for this. First, it should be noted that
the ﬁrst reports of case series had shown doubts about the radical
nature of laparoscopic operations, in view of the appearance of
metastases at the port-sites [5], an occurrence which was then
contradicted by subsequent studies. However, for many colorectal
surgeons the oncology outcomes of the laparoscopy technique are
still a concern. The second main reason is the need for a long
learning curve and the creation of a team dedicated to this type of
surgery. The inherent limitations of laparoscopy compared to
laparotomy, the greater amount of time involved, and higher costs
have led over the years to place the minimally invasive approach
in jeopardy, with difﬁculties in developing standardized
techniques.
Therefore, the ﬁrst results of randomized trials comparing
laparoscopic and open surgery for colorectal malignancy have been
published only recently.
In fact, since the issue and debate on the subject have been
ongoing for almost 25 years, from an analysis of literature one
would expect numerous data and precise recommendations
regarding the two approaches. However, only 12 studies concern-
ing operations performed for colon and rectal cancer were included
in a recent meta-analysis [6]. In particular, in this paper, the authors
have had to exclude the majority of the studies from their analysis
because they mentioned data only on short-term outcomes or they
did not provide details of the long-term results properly or because
patients had already been included in another trial.
In addition, although the studies reported long-term results, not
all of them could be included in a survival analysis due to incom-
plete data or their brief follow-up.
Ultimately, only four studies have allowed an assessment of
survival after 5 years [7e10].
Besides this issue, all of the studies in the literature thatmention
colorectal surgery procedures performed do not perform sub-group
analyses in order to highlight the results obtained based on the
location of the tumor.
Is this the correct way to analyze the results of colon surgery? In
fact, we believe that it is a limitation of the studies currently
available in the literature that they mention and discuss in general
terms the results obtained by procedures that are quite different
from one another, although they were performed on the same or-
gan, even on quite anatomically distant segments: a righthemicolectomy, a left hemicolectomy, other extended colectomy
types, and resection of the rectum.
On the basis of these observations, the present studywas carried
out with the aim of bringing attention to the results obtainable
from surgery on a speciﬁc colon segment, in this case the sigmoid,
in order to provoke a discussion on the subject and urge those who
have the opportunity to plan randomized studies to take these
observations into consideration.
This study reports an analysis performed on the prospective
database of our institute on a selected sample of all patients with a
neoplastic formation in the sigmoid colon that have undergone the
same left hemicolectomy operation within the same period of time
with two different approaches: conventional laparotomy and
laparoscopy.
2. Methods
55 patients (mean age 66.2 years) with sigma adenocarcinoma
have been subjected to left colectomy at the Department of
Digestive Surgery, “S. Maria” hospital in Terni - Italy.
This study included patients whom diagnosis and treatment had
been given from January 2005 to January 2007. Data of the onco-
logical follow-up are reported until April 2013.
Exclusion and Inclusion criteria are summarized in Table 1.
All patients underwent clinical, laboratoristic and imaging
exams. A left colectomy interventionwas carried on by laparoscopic
technique or by traditional laparotomy.
Patients' characteristic are summarized in Table 2.
Data of each procedure have been prospectically collected in a
database and then retrospectively analyzed. In particular, the
acquisition of data occurred in two steps. First there was an eval-
uation of the preoperative conditions of the patient and of the tu-
mor, the operation data, the parameters of postoperative
monitoring and the histopathological analysis of the surgical
specimen. Secondarily data from the oncological follow-up of the
patients have been registered.
2.1. Laparoscopic technique
The patient is placed in the supine position, with his arms
placed along the body and legs open at about a 45-degree angle
with the knees slightly bent.
The surgeon and the ﬁrst assistant place themselves to the right
of the patient, the instrument nurse is on their right alongside the
lower extremities, and the second assistant is on the patient's left.
Pneumoperitoneum is performed using a Veress needle inserted at
the periumbilical level, until pressure of 12 mm Hg is reached.
A 12 mm trocar is inserted at the periumbilical level for the
camera. Two 12 mm trocars are placed respectively in the right
hypochondrium and the right iliac fossa for the insertion of ultra-
sound devices or instruments usingmonopolar and bipolar current,
as well as clipping tools and the surgical stapler.
Table 2
Characteristics of patients.
LLC OLC P
Gender
Female 13 12
Male 15 15
P ¼ 0.82
Age (years), Mean ± SD 65.61 ± 6.13 66.74 ± 7.02 P ¼ 0.55
BMI (Kg/m2), Mean ± SD 26.1 ± 2.13 26.9 ± 4.0 P ¼ 0.39
ASA
ASA I 9 8
ASA II 10 11
ASA III 9 8
P ¼ 0.89
STAGE
I 15 7
IIA 8 9
IIB 1 1
IIIA 1 0
IIIB 1 8
IIIC 2 2
P ¼ 0.063
Table 3
Perioperative outcomes.
Outcomes LLC OLC P
Operative time (minutes),
Mean ± SD
264.56 ± 45.07 223.33 ± 71.34 P ¼ 0.02
Time to peristalsis (days),
Mean ± SD
2.6 ± 0.65 3.22 ± 0.93 P ¼ 0.01
Time to resume liquid diet
(days), Mean ± SD
2.6 ± 0.58 3.11 ± 0.89 P ¼ 0.025
Time to resume solid
intake (days),
Mean ± SD
4.39 ± 0.98 5.03 ± 0.97 P ¼ 0.025
Length of hospital stay (days),
Mean ± SD
6.86 ± 1.01 8.44 ± 1.21 P < 0.001
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process; a grasper may be introduced from it in order to keep the
anatomical structures tense. A second 5 mm trocar is placed at the
junction between the left anterior axillary and transumbilical axes.
The patient is inclined by about 20 in the Trendelenburg position
and turned slightly to the right. This exposes the primary root of the
left colonic mesenterium, which is freed from the duodenojejunal
ﬂexure. After identifying the projection of the lower mesenteric
vein, an incision is performed in the primitive root of the left
colonic mesenterium using the Treiz angle as a reference point.
In this way, by pulling the peritoneum upward over the Inferior
Mesenteric Vein (IMV), a "tent" is created in order to detach Toldt's
fascia from the pre-renal fascia in a medial to lateral direction. The
inferior mesenteric artery is isolated and divided between clips at
the level of its origin from the aorta.
The left paracolic gutter is incised from the bottom upwards
until it meets the previous dissection of Toldt's fascia.
The IMV is sectioned between clips at the level of the lower edge
of the pancreas at this time or subsequently.
Then, this is followed by mobilization of the splenic ﬂexure and
a section of the spleno-colic ligament.
After mobilization of the descending colon, the sigmoid colon is
pulled in order to open the mesorectum from the posterior in the
fascia recti plane until it reaches the upper third of the rectum.
Then the rectum is sectioned using an articulated stapler.
A small incision is made in the left iliac fossa to perform the
proximal section at the level of the descending colon and to
introduce the anvil of the circular stapling device in a terminal
position.
The colon is then repositioned in the abdomen and the mini-
laparotomy is suturedbefore re-establishing thepneumoperitoneum.
The colo-rectal end-to-end anastomosis is accomplished by a
circular stapler device introduced through the anus. The intestinal
rings are examined for completeness.
2.2. Statistical analysis
A statistical computer software (MedCalc Software Version
12.2.1) analyzed the data.
Patient's characteristics such as sex, age, stage, were compared
in the two treatment groups by using the Chi-square Test for cat-
egorical variables and the Student's T Test for continuous variables.
P value <0.05 was considered statistically signiﬁcant. Overallsurvival was computed from the day of surgery to the day of death
or to the most recent follow-up visit. Disease-free survival (DFS)
was computed from the day of surgery to the follow-up visit that
evidenced a tumor recurrence.
Overall survival and disease-free survival analyses were per-
formed using KaplaneMeier curves.
Comparison between different groups was carried out using the
log rank test. Furthermore, hazard ratio (HR) was determined with
a conﬁdence interval (CI) of 95%. A P value <0.05 has led to consider
the results as statistically signiﬁcant.
3. Results
28 patients underwent Laparoscopic Left Colectomy (LLC) while
27 patients Open Left Colectomy (OLC). Follow-up duration had an
overall mean of 67.9 ± 8.52 months.
Peri-operative parameters (Table 3) show that laparoscopic
surgery is associated with a quicker restoration of intestinal peri-
stalsis movements if compared with conventional surgery, and
therefore a fastest recovery of gastrointestinal function (P ¼ 0.002).
For what concern getting back to oral and liquid introit, results
demonstrate a superiority of the laparoscopic technique that allows
a faster return to a free diet. The restoration of a solid
diet alimentation occurred on mean 4.39 ± 0.98 (P ¼ 0.025) days
after laparoscopic surgery against the 5.03 ± 0.97 after traditional
surgery.
The mean values encountered in our study are 6.8 days of hos-
pitalization after laparoscopy and 8.4 days after open procedure
(P < 0.001) with a beneﬁt of a mean of 1.6 days.
As regards the number of lymph nodes that have been removed
(Table 4), the mean is 18.13 ± 6.8 lymph nodes removed by lapa-
roscopic surgery versus 13.96 ± 5.72 removed in open surgery
(P ¼ 0.02).
It has been observed that 4 patients (7.2%) developed early post-
operative complications.
In 3 patients who underwent OLC occurred the formation of an
enteric ﬁstula resolved with parenteral nutrition and two cases of
dehisce from the laparotomic wound. Within the LLC group it has
been recorded one case of emoperitoneum which required an
exploratory laparoscopy.
In the course of the long-term follow-up, 5 cases developed
median-line laparocele in the OLC group and none in the LLC group.
For what concerns long term oncologic data, in our study, have
been recorded 8 recurrence of neoplasia: 1 case of local recurrence
in the OLC group and 7 cases of distant recurrence, 3 in the OLC
group and 4 in the LLC group.
The percentage of patients that after 5 years are disease-free
(DFS) is 82.61% for the LLC group and 85.18% for the OLC group.
In Fig. 1 it is shown KaplaneMeier curve obtained from the
analysis of the disease-free period within the two groups, which
Table 4
Histopathological data.
Outcomes LLC OLC P
Number of harvested lymph
nodes (n)
18.13 ± 6.8 13.96 ± 5.72 P ¼ 0.02
length of the surgical specimen
(mm), Mean ± SD
206.56 ± 69.46 249.77 ± 95.93 P ¼ 0.07
Diameter of the tumor (mm),
Mean ± SD
31.86 ± 12.8 36.59 ± 16.48 P ¼ 0.27
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CI ¼ 0.21e3.40; P ¼ 0.81). Overall survival up to 5 years evidence
one death per group.4. Discussion
Laparoscopy has deeply changed abdominal surgery for both
benign and malignant conditions. In the latter case, however, in
order for laparoscopy to be preferable to the open technique, it is
necessary to show that in addition to the understandable advan-
tages that can be achieved in the immediate post-operative period,
long-term outcomes are at least comparable.
An initial Cochrane meta-analysis of short-term outcomes [11]
of colorectal surgery showed that despite the longer operation
time required, the laparoscopy approach was associated with less
intra-operative blood loss, less post-operative pain, faster recovery
of bowel function, a better quality of life, and a reduction of
morbidity.
Recently, this study was followed by a second meta-analysis of
long-term outcomes [6]. While the overall conclusion that emerges
is that laparoscopic surgery is associated with a signiﬁcantly lower
average number of lymph nodes harvested than open surgery
(P ¼ 0.003), laparoscopic colon resection is still associated with
long-term outcomes that are no different from those of open
colectomy.
As a result, the authors suggest that laparoscopy for colon cancer
is a safe procedure with survival rates comparable to those of open
surgery and should be a routine recommendation for patients at a
facility where colorectal surgeons with adequate experience are
available. However, it appears that only 4 studies [7e10] in the
literature provide sufﬁciently complete data to allow for an analysis
of a follow-up period of at least 5 years. These do not showFig. 1. KaplaneMeier curve of disease-free survival.differences in terms of recurrence rate (HR: 0.92; 95% CI: 0.76e1.13)
and show similar cancer-related mortality (P ¼ 0.15).
From these analyses, the results that emerge are clearly in favor
of the laparoscopy approach to colon surgery, especially when
performed at experienced centers.
However, studies reported in the literature still show several
limitations and further evidence is needed, especially for a more
complete assessment of long-term outcomes.
In addition, all authors report results obtained in terms of
functional and oncology-related outcomes without taking into ac-
count either the type of surgical procedure performed or the
location of the tumor.
Thus, a reading of the published articles does not allow
extrapolation of data concerning the individual procedures, which
in our opinion might lead to the emergence of additional consid-
erations for both short-term and long-term observation. Consider
the fact that the different procedures and the type of anastomosis
involve different risks in terms of post-operative morbidity.
Instead, with regard to oncology-related concerns, it is worth
considering that the various colon segments have different origins
in terms of embryology, as well as different lymphatic drainage
paths. For example, in the case of tumors of the right and transverse
colon, the main peduncles will always be tied due to their origin
from the upper mesenteric vessels. As far as an inferior mesenteric
lymphadenectomy is concerned, the artery may be tied at its origin,
near the aorta, or downstream from the upper left colon artery,
when a cancer has been resected in the left colon. In light of these
observations, the present study mentions the results of a long-term
follow-up of patients who underwent the same surgery, a left
hemicolectomy, during the same period of time, comparing the
laparoscopy technique and the traditional open one. Although
there are various pieces of evidence and studies concerning the
right colon, even studies of the use of robotic systems [12] in
support of traditional laparoscopy, there is more of a shortage of
studies concerning the resection of the left colon, and these mainly
mention short-term outcomes. An analysis of the literature shows
only 1 RCT [13], but with a mean follow-up period barely over 3
years (range: 18e72 months).
A left hemicolectomy including a medial-to-lateral approach,
the takedown of the left colon fold, and the execution of a tension-
free colonic anastomosis, is more challenging than other laparo-
scopic colorectal procedures [14].
Due to the variability in the techniques that can be adopted by
colorectal surgeons, studies on left hemicolectomies for cancer are
rare, and we believe that the role of laparoscopic surgery in this
speciﬁc tumor location requires further clariﬁcation.
Our study aims to highlight not only the characteristics of the
two procedures and the results obtained in the immediate post-
operative period, but also the pathology data and those that arise
from long-term follow-upwith an average duration of 67.9 months.
The analysis of our peri-operative results shows that laparo-
scopic surgery is associated with a recovery of intestinal peristalsis
earlier than with conventional surgery (P ¼ 0.002). This evaluation
agrees with what has been observed in the RCT by Liang (P < 0.001)
[13] and is conﬁrmed in general by trials on surgery of the colon
that show a shorter duration of ileus by 0.9 days in the laparoscopy
group (95% CI e 1.13 to 0.74; p < 0.0001) [11].
Another signiﬁcant factor is the time saved in terms of post-
operative hospitalization. The average values observed in our
study were 6.8 days after laparoscopic surgery and 8.4 days after
conventional open surgery (P < 0.001), with an advantage of 1.6
days. The data obtained show a lower number of hospitalization
days than those reported by Liang (9.0 ± 1.0, 14.0 ± 2.0, P < 0.001)
[13]. On the other hand, the meta-analysis by Schwenk [11] shows
rather high variability of this parameter, with a mean post-
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tients and from 6 to 12.7 days for conventional operations. Overall,
however, from an analysis of all the trials, the post-operative hos-
pital stay was 1.5 days shorter in the laparoscopy group (95% CI 1.94
to 1.12; p < 0.0001).
Regarding the number of lymph nodes removed, in our study, an
average of 18.13 ± 6.8 lymph nodes removed with laparoscopic
surgery has been documented, compared to 13.96 ± 5.72 with the
open technique (P ¼ 0.02).
This ﬁnding is surprising because it contrasts with the study by
Liang (15.6± 3.0 16.0 ± 6.0, P¼ 0.489) [13] andwith the overall data
obtained from the analysis of the studies reporting this parameter,
where the lower number of lymph nodes removed in patients
undergoing laparoscopic surgery is even more statistically signiﬁ-
cant. (95% CI e 1.65 to 0.35; P ¼ 0.003) [6].
Even if a number of lymph nodes greater than 12 is considered
valid and oncologically sufﬁcient for adequate pathological staging
of the tumor, it is striking that the difference found in the literature
between the two groups in favor of the open approach, although
not large, is statistically signiﬁcant. All of this also appears to
contrast with what we found.
The extreme variability among studies in terms of the results
obtained in the analysis of the characteristics of the sample sup-
ports the issue that we debate in this article.
It is appropriate that studies also should mention data broken
down by procedures and by the location involved in the resection.
In addition, the same operation is performed with laparoscopy
using different approaches. For example, it is enough to consider
the lateral-medial approach versus the medial-lateral, the prob-
lems of proper complete mesocolic excision (CME), and the
execution of the procedure, including anastomosis, entirely with an
intracorporeal execution [15]. All these factors, together with the
characteristics of the patient (e.g. obesity), could be responsible for
the diversity of studies and the conﬂicting values for the patho-
logical features of the sample.
In our study, 4 out of 55 patients developed early post-operative
complications, 3 in the group that underwent the traditional lap-
arotomy technique (11.1%) and 1 who underwent laparoscopic
surgery (3.6%). These data are comparable with those in the liter-
ature, which, however, identiﬁes a signiﬁcant advantage for lapa-
roscopy in terms of the incidence of post-operative complications
(18.2%) compared to the conventional group (23.0%) (overall
RR¼ 0.72; 95% CI 0.55 to 0.95; p¼ 0.02) [11]. In the analysis of long-
term complications, it is observed that traditional laparotomy sur-
gery exposes the patient to a greater risk of incisional hernia. 5
cases of incisional hernia were observed in the group operated on
with the traditional laparotomy technique, and none in the group
operated on using the laparoscopy technique.
The analysis of the occurrence of incisional hernia in patients
undergoing colorectal surgery has been mentioned by two studies
in the literature [7,16], which in fact did not highlight any difference
between laparoscopy and open surgery (7.9% vs 10.9%; OR 0.72; 95%
CI 0.38 to 1.37; P ¼ 0:32). Nor was any difference detected in the
number of patients who underwent plastic surgery of the abdom-
inal wall (4.0% vs. 2.8%; OR 1.52; 95% CI 0.55 to 4.19; P ¼ 0.42).
This comes into contrast with what we observed and is para-
doxical if we consider the intrinsic differences between the two
techniques.
On the other hand, the meta-analysis by Kuhry [6] notes among
its conclusions that further research is needed to determine
whether or not laparoscopic surgery is associated with a reduced
risk of development of incisional hernias.
Regarding the long-term oncology results, in the course of this
study 8 recurrences occurred: 1 case of local recurrence in the
group operated on with the laparotomy technique and 7 cases ofdistant recurrence, 3 in the group operated on with the open
technique and 4 in the group operated on with the laparoscopy
technique.
The percentage of disease-free (DFS) patients after 5 years was
82.61% for the group operated on using laparoscopy and 85.18% for
the group operated on with the traditional laparotomy technique.
The value of P ¼ 0.81 makes the difference between the two
groups not statistically signiﬁcant, and this allows us to state that in
terms of recurrence of the disease, the effectiveness of the two
surgical techniques was similar.
Our observation is consistent with the data reported in the
literature where there were no signiﬁcant differences between
laparoscopic and open procedures (5.2% vs 5.6%; OR 0.84; 95% CI
0.47 to 1.52; P ¼ 0.57) and no signiﬁcant difference in the
development of distant metastases was found in colorectal can-
cer patients (11.3% vs 13.6%; OR 0.82; 95% CI 0.55 to 1.22;
P ¼ 0.32) [6].
In the study by Liang [13] there is no data available after 5 years
of follow-up; however, the results obtained in three years show a
cumulative recurrence rate of 17.0% in the laparoscopic group
versus 21.6% in the open group (P ¼ 0.974).
The excellent result of this outcome in our study probably
originates from the signiﬁcant number of patients at stage I and II of
the disease; however, the distribution of the patients in the two
comparison groups, based on this characteristic, was homogeneous
(P ¼ 0.063).
In conclusion, according to the data analyzed, laparoscopic left
hemicolectomy turned out to be a safe technique, as it is not
burdened with a higher incidence of complications compared to
conventional laparotomy, and in the immediate postoperative
period it shows several statistically signiﬁcant advantages, such as
faster recovery of gastrointestinal function and a reduction of
hospital days.
During the follow-up, the oncology data are completely iden-
tical for the two approaches.
We believe that these results can be reproduced only when the
surgical technique will be standardized and performed by teams
that have completed their learning curve.
Consideration of the data in the literature indicates the need for
well-designed trials for the evaluation of the complications and
long-term oncology data, including subgroup analyses that
consider the location of the tumor in the colon and the type of
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